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Abstract Despite the importance of roe deer as a host for Ixodes ticks in central Europe,
estimates of total tick burden on roe deer are not available to date. We aimed at providing
(1) estimates of life stage and sex specific (larvae, nymphs, males and females, hereafter
referred to as tick life stages) total Ixodes burden and (2) equations which can be used to
predict the total life stage burden by counting the life stage on a selected body area. Within a
period of 1 years, we conducted whole body counts of ticks from 80 hunter-killed roe deer
originating from a beech dominated forest area in central Germany. Averaged over the
entire study period (winter 2007–summer 2009), the mean tick burden per roe deer was 64.5
(SE ± 10.6). Nymphs were the most numerous tick life stage per roe deer (23.9 ± 3.2),
followed by females (21.4 ± 3.5), larvae (10.8 ± 4.2) and males (8.4 ± 1.5). The indi-
vidual tick burden was highly aggregated (k = 0.46); levels of aggregation were highest in
larvae (k = 0.08), followed by males (k = 0.40), females (k = 0.49) and nymphs
(k = 0.71). To predict total life stage specific burdens based on counts on selected body
parts, we provide linear equations. For estimating larvae abundance on the entire roe deer,
counts can be restricted to the front legs. Tick counts restricted to the head are sufficient to
estimate total nymph burden and counts on the neck are appropriate for estimating adult
ticks (females and males). In order to estimate the combined tick burden, tick counts on the
head can be used for extrapolation. The presented linear models are highly significant and
explain 84.1, 77.3, 90.5, 91.3, and 65.3% (adjusted R2) of the observed variance,
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respectively. Thus, these models offer a robust basis for rapid tick abundance assessment.
This can be useful for studies aiming at estimating effects of abiotic and biotic factors on
tick abundance, modelling tick population dynamics, modelling tick-borne pathogen
transmission dynamics or assessing the efficacy of acaricides.
Keywords Ectoparasite  Negative binomial distribution
Introduction
Ticks of the Ixodes ricinus (L.) complex (hereafter Ixodes ticks) are vectors of numerous
arthropod-borne pathogens of medical and veterinary importance. These include
Anaplasma phagocytophilum (causative agent of granulocytic anaplasmosis in humans,
tick-borne fever in sheep and canine ehrlichiosis in dogs), Babesia divergens (causative
agent of babesiosis in humans and redwater fever in cattle), Babesia venatorum (causative
agent of babesiosis in humans), Rickettsia helvetica (causative agent for diffuse symptoms
in humans), Borrelia burgdorferi (causative agent of Lyme disease) and tick-borne
encephalitis virus (causative virus of tick-borne encephalitis) (for a review see Jongejan
and Uilenberg 2004).
Roe deer (Capreolus capreolus) are important host species for Ixodes ticks in central
Europe and might be important for the population dynamics of ticks. However, the role of
roe deer for pathogen dynamics is largely unknown (e.g. Anaplasma phagocytophilum).
For most of the tick-borne pathogens roe deer are believed to be dead-end or dilution hosts
(e.g. Borrelia burgdorferi, tick-borne encephalitis virus), but deer potentially provide a
platform for non-systemic pathogen transmission among co-feeding ticks (Jaenson and
Ta¨lleklint 1992; Matuschka et al. 1993; Kimura et al. 1995; Randolph et al. 1996; Bruno
et al. 2000; Schmid and Ostfeld 2001).
Despite the importance of roe deer as host for Ixodes ticks and hence for associated tick-
borne pathogens in central Europe, few studies have investigated patterns of tick infes-
tation on roe deer (Matuschka et al. 1993; Carpi et al. 2008). However, none of these
studies aimed at estimating the total tick burden per roe deer individual, one of the most
essential parameters for describing this host-parasite system. Studies on tick burdens on
deer could be used for estimating effects of abiotic and/or biotic factors on tick densities
(Carpi et al. 2008), or for assessing the efficacy of acaricide applications (Rand et al. 2000;
Fish and Childs 2009; Pound et al. 2009). Furthermore, estimates of tick abundance on deer
are useful for realistically parameterising models describing tick population dynamics and
possibly tick-borne pathogen transmission dynamics (Randolph et al. 1996; Ogden et al.
1997; Randolph 2004; Hartemink et al. 2008).
Previous studies aiming at estimating tick burdens of domestic and/or wild mammals
(Barnard and Morrison 1985; Bloemer et al. 1988; Barnard et al. 1989; Fourie and van Zyl
1991; Fourie et al. 1991; L’Hostis et al. 1994; Fourie and Kok 1995; Mathee et al. 1997;
Ogden et al. 1998; Schmidtmann et al. 1998) used whole body counts on dead or live
animals. Some of these studies provided simple linear models which can be used to predict
total tick burdens based on tick counts on one or a few distinct host body parts (Barnard
and Morrison 1985; Bloemer et al. 1988; Barnard et al. 1989; Fourie and van Zyl 1991;
L’Hostis et al. 1994; Mathee et al. 1997). The term ‘‘density’’ of ticks which had been used
by previous authors (Barnard and Morrison 1985; Bloemer et al. 1988; Barnard et al. 1989;
Fourie and van Zyl 1991; L’Hostis et al. 1994; Mathee et al. 1997) described their esti-
mates of tick abundance as density estimates. Here we use the terms tick ‘‘abundance’’ or
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‘‘burden’’ as density is clearly defined as individuals/unit area, i.e. ticks/cm2 (Sutherland
1996; Borchers et al. 2002). Neither previous authors nor we can provide this measure
without estimating the surface area of parts or the entire host species.
Here, we conducted total tick counts on hunter killed roe deer in order to provide (1)
estimates of stage/sex specific total Ixodes burden, and (2) equations which can be used to
predict the total life stage burden by counting the number of ticks per life stage/sex on a
selected body area.
Materials and methods
We opportunistically sampled 91 hunter-killed roe deer in the forested region east and
northeast of Go¨ttingen (centred at, 51320200N, 9560800), central Germany during regular
hunting activities over a period lasting from winter 2007 to summer 2009 (November–
December 2007 n = 20 roe deer; May–June 2008 n = 20; July–August 2008, n = 18;
November–December 2008 n = 14; May–June 2009 n = 13; July–August n = 6).
The study area is dominated by mixed deciduous forests. The predominant tree species
are European beech (Fagus sylvatica), Norway maple (Acer pseudoplatanus), European
ash (Fraxinus excelsior) and sessile oak (Quercus petraea). The sites are often charac-
terized by shallow limestone plateaus with rendzina soils and haplic luvisols, rich in
nutrient supply, but rather poor in water supply during dry periods in summer. Some forest
stands however are located on sandstone with sandy and loamy cambisols and these soils
are characterized by lower nutrient contents but higher water availability, and are often
covered by pure Norway spruce (Picea abies) stands. Depending on nutrient, water and
light availability the ground cover with tree seedlings and herbaceous species is hetero-
geneous. Tree diameter or age classes vary on a small scale, providing enough shelter and
nutrition for roe deer throughout the whole study area. The altitude above sea level ranges
from 151 to 400 m, the mean annual rainfall is 780 mm (370 mm in the growing season),
and the average annual temperature is 7.8C (Petritian et al. 2007).
Roe deer carcasses were disembowelled by the hunters and stored in cooling chambers
at 2–8C until examination. Within 16 h on average (SE: ± 2.5 h) after roe deer indi-
viduals had been shot, each carcass was examined by two observers wearing latex gloves.
The carcass was divided into 6 distinct parts (head, neck, front legs, hind legs, sternum &
abdomen and rest of the body, Fig. 1). The roe deer skin was systematically inspected and
palpated to detect all ticks. Sites heavily infested were consecutively searched and palpated
by both persons. All ticks were removed from each body part with forceps. These ticks
were immediately counted and recorded according to life stage and sex (larvae, nymphs,
males and females, hereafter referred to as tick life stages). Finally, they were transferred
to sampling tubes and stored at -20C. All removed ticks belong to the Ixodes ricinus
complex; no Dermacentor spp. (Koch 1844) were identified during this study.
Statistical analysis
For each tick life stage and roe deer body part we calculated mean (l) tick numbers in
absolute and relative terms (Table 1) and the corresponding standard errors (±SE). Since
patterns of macroparasite burdens on wildlife hosts usually follow the negative binomial
distribution which is described by l and the inverse measure of aggregation (k), we also
calculated k for the absolute tick burdens (Shaw et al. 1998):





where s2 is the variance of the sample. Small values (k \ 1) indicate a high level of
aggregation, while k values [ 5 indicate randomness (Crawley 2005).
In order to provide equations which can be used to estimate tick burdens based on
counts of selected body parts, we pooled all tick counts and calculated correlations
(Kendall’s S) between tick life stage abundance on one body part and life stage abundance
on other body parts and the total number of this life stage on the entire roe deer carcass
(Table 2). For each tick life stage, we selected the body part correlating most strongly with
the total number of this life stage on the entire roe deer and fitted a linear regression model:
y ¼ a þ b ðxÞ
where y is the total number of the life stage on the entire roe deer, a the intercept, b the
slope of the regression and x the number of the tick life stage on the selected body part. We
used SPSS 17.0 (SPSS Inc.) and R 2.51 (R Development Core Team) for analysing the
data.
Results
In total, we sampled ticks from 91 roe deer. Eleven heads of roe deer had been removed by
hunters prior to investigation, resulting in 80 complete tick-roe deer data sets. In sum we
collected 5,159 ticks of which 862 were larvae, 1,912 were nymphs, 1,714 were females
and 671 were males. The mean tick burden per roe deer was 64.49 (±10.62), and the tick
burden was highly aggregated (k = 0.46).
On average, nymphs were the most numerous tick life stage on roe deer (23.90 ± 3.21),
followed by females (21.43 ± 3.47), larvae (10.78 ± 4.18) and males (8.39 ± 1.52). The
range of life stage specific tick burden per roe deer was wide: 0–255 larvae, 0–167 nymphs,
0–157 females, 0–72 males and 0–582 ticks combined. Levels of aggregation were highest
in larvae (k = 0.08), followed by males (k = 0.40), females (k = 0.49) and nymphs
(k = 0.71).
Fig. 1 Sketch outline of the tick
collection sites on a roe deer
(Capreolus capreolus) buck.
Drawing: W. Tambour/J. Seelig
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Table 2 Correlations (Kendall’s tau) between numbers of tick life stages/tick sex on one body part with
tick numbers of the same life stage/sex on other body parts and on the entire roe deer body


















Rendall’s tau 0.474 0.643 0.776
P-value \0.001 \0.001 \0.001
n 80 91 91
Front legs-Larvae Rendall’s tau 0.445 0.585 0.581 0.491
P-value \0.001 \0.001 \0.001 \0.001
n 80 91 91 91
Hind legs-Larvae Rendall’s tau 0.45 0.444 0.565 0.673 0.439
P-value \0.001 \0.001 \0.001 \0.001 \0.001
n 80 91 91 91 91
Entire body-Larvae Rendall’s tau 0.69 0.628 0.598 0.58 0.817 0.553
P-value \0.001 \0.001 \0.001 \0.001 <0.001 \0.001
n 80 80 80 80 80 80










Rendall’s tau 0.302 0.318 0.422
P-value 0.001 0.001 \0.001
n 80 91 91
Front legs-Nymphs Rendall’s tau 0.456 0.39 0.276 0.347
P-value \0.001 \0.001 0.003 \0.001
n 80 91 91 91
Hind legs-Nymphs Rendall’s tau 0.408 0.441 0.272 0.391 0.527
P-value \0.001 \0.001 0.005 \0.001 \0.001
n 80 91 91 91 91
Entire body-Nymphs Rendall’s tau 0.883 0.554 0.28 0.385 0.584 0.5
P-value <0.001 \0.001 0.003 \0.001 \0.001 \0.001
n 80 80 80 80 80 80





Rendall’s tau 0.494 0.571
P-value \0.001 \0.001
n 80 91
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Table 2 continued










Rendall’s tau 0.254 0.359 0.337
P-value 0.007 \0.001 \0.001
n 80 91 91
Front legs-Females Rendall’s tau 0.557 0.524 0.492 0.328
P-value \0.001 \0.001 \0.001 \0.001
n 80 91 91 91
Hind legs-Females Rendall’s tau 0.474 0.5 0.372 0.334 0.505
P-value \0.001 \0.001 \0.001 \0.001 \0.001
n 80 91 91 91 91
Entire body-Females Rendall’s tau 0.764 0.818 0.532 0.407 0.671 0.606
P-value \0.001 <0.001 \0.001 \0.001 \0.001 \0.001
n 80 80 80 80 80 80
Neck-Males Rendall’s tau 0.663
P-value \0.001
n 80





Rendall’s tau 0.415 0.452 0.503
P-value \0.001 \0.001 \0.001
n 80 91 91
Front legs-Males Rendall’s tau 0.452 0.579 0.499 0.419
P-value \0.001 \0.001 \0.001 \0.001
n 80 91 91 91
Hind legs-Males Rendall’s tau 0.416 0.505 0.478 0.381 0.436
P-value \0.001 \0.001 \0.001 \0.001 \0.001
n 80 91 91 91 91
Entire body-Males Rendall’s tau 0.749 0.851 0.577 0.553 0.587 0.559
P-value \0.001 <0.001 \0.001 \0.001 \0.001 \0.001
n 80 80 80 79 80 80
Neck-Ticks Rendall’s tau 0.673
P-value \0.001
n 80





Rendall’s tau 0.539 0.544 0.52
P-value \0.001 \0.001 \0.001
n 80 91 91
Front legs-Ticks Rendall’s tau 0.6 0.596 0.575 0.579
P-value \0.001 \0.001 \0.001 \0.001
n 80 91 91 91
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Abundance estimation
Life stage specific tick numbers on one body part were significantly correlated with life
stage specific tick numbers on all other body parts and with the entire life stage burden
(Table 2).
For Ixodes larvae, the counts on the front legs correlated most strongly with the entire
larvae burden (Table 2). Fitting a linear regression to these data (Fig. 2a) resulted in a
significant predictive model (F = 419, DF = 1, 78, P  0.001) which explains a con-
siderable amount of the observed variance (adjusted R2 = 0.841). Figures in brackets
indicate the standard error of each regression coefficient.
Larvae on entire roe deer ¼ 3:38 1:71ð Þ þ 1:41 0:07ð Þ  larvae on front legs
For Ixodes nymphs, the tick count on the head was chosen as predictor for the entire nymph
burden (Table 2). The fitted linear relationship for these data (Fig. 2b) was highly sig-
nificant (F = 270.7, DF = 1, 78, P  0.001) and explained ca. 77% of the variance
(adjusted R2 = 0.773).
Nymphs on entire roe deer ¼ 2:27 2:02ð Þ þ 1:28 0:08ð Þ  nymphs on head
For the adult ticks, the tick counts on the neck were selected to predict the total female and
male tick abundance (Table 2). For female ticks (Fig. 2c), a linear model (F = 752.8,
DF = 1, 78, P  0.001) explained ca. 90% of the variance (adjusted R2 = 0.905):
Females on entire roe deer ¼ 5:87 1:21ð Þ þ 1:61 0:06ð Þ  females on neck
For male ticks (Fig. 2d), the corresponding model (F = 827.3, DF = 1, 78, P  0.001)
explained ca. 91% of the variance (adjusted R2 = 0.913):
Males on entire roe deer ¼ 1:86 0:50ð Þ þ 1:57 0:05ð Þ  males on neck
For all ticks combined, tick counts on the head appeared to be the best predictor for total
tick burden (Table 2). This relationship (Fig. 3) was also described with a linear model
(F = 149.3, DF = 1, 78, P  0.001) and explained ca. 65% of the variance (adjusted
R2 = 0.653):
Ticks on entire roe deer ¼ 3:06 8:35ð Þ þ 2:66 0:22ð Þ  Ticks on head
Table 2 continued








Hind legs-Ticks Rendall’s tau 0.593 0.64 0.495 0.571 0.615
P-value \0.001 \0.001 \0.001 \0.001 \0.001
n 80 91 91 91 91
Entire body-Ticks Rendall’s tau 0.849 0.772 0.593 0.616 0.704 0.699
P-value <0.001 \0.001 \0.001 \0.001 \0.001 \0.001
n 80 80 80 80 80 80
The strongest correlations between tick life stages on one body part and entire life stage burden are
highlighted in bold
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Discussion
Based on entire body counts of 80 hunter-killed roe deer we present life stage specific tick
burdens of roe deer and linear models which can be used to extrapolate tick burdens on roe
deer based on tick counts on selected body parts.
Although the tick examination was carried out with extraordinary diligence, we cannot
exclude that some (i.e. larval) ticks were missed (MacIvor et al. 1987). It is however
unlikely that ticks detached prior to the investigation; detached ticks were never observed
in trays underneath the carcasses. A few ticks, especially in the abdomen region may have
been missed because parts of the abdomen hide had been removed by the hunter during the
disembowelling of the carcass. Thus, reported tick numbers should be regarded as mini-
mum numbers.
It is difficult to compare Ixodes tick burdens of roe deer with those of other host species
such as sheep (Ogden et al. 1998), due to the considerable effect of season on tick
parasitism (Randolph 2004). Nevertheless, tick numbers on roe deer in the summer months
can be characterised as very high (up to 582 ticks/individual). Over the year, roe deer are
parasitized by all four Ixodes life stages/sexes, whereas adult ticks combined (females 33%
Fig. 2 Linear regression plots showing the relationship between number of larvae (a), nymphs (b), females
(c) and males (d) on one body part and predicted number of each tick life stage on the entire roe deer body
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of all ticks ? males 13% of all ticks) make up *46% of the total tick burden. Nymphs are
very abundant on roe deer as well, whereas larvae appear to be extremely aggregated on
few individual deer (k = 0.08). This extreme level of aggregation is probably a conse-
quence of the strong seasonality in larvae activity (Randolph et al. 1999) and the spatial
aggregation of questing larvae ticks in the vegetation.
Estimating life stage abundance based on restricted counts
For assessing abundance of nymphs and adult Ixodes ticks, it is sufficient to sample the
head and the neck of roe deer. For best approximating larvae burden, additional tick counts
on the front legs are required. However, larvae counts on the head offer the second best
equation for extrapolating larvae burden (F = 72.3, DF = 1, 78, P  0.001, adjusted
R2 = 0.474):
Larvae on entire roe deer ¼ 2:53 3:18ð Þ þ 5:74 0:67ð Þ  larvae on head
It is thus reasonable to restrict tick counts to the head and the neck in order to estimate life
stage specific tick burdens on roe deer.
Whenever possible, tick life stage/sex specific counts and models should be applied for
estimating total tick burdens of roe deer. The model based on the combined tick count
(Fig. 3) shows a rather large variance and the model’s intercept is associated with a large
margin of error, thus questioning the reliability of this model.
The presented tick life stage or sex specific models show good fits and explain a large
amount of the observed variance in tick parasitism and thus offer a robust basis for rapid
tick abundance assessment.
Fig. 3 Linear regression plot showing the relationship between the number of ticks (all life stages
combined) attached on the head and predicted number of ticks on the entire roe deer body
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